The main research goals of this study are as follows: 1) to examine the effects of UI design on the learnability of smartphone applications and the interaction between users and applications, and 2) to find the effects of the learnability and the interaction on the usability of the applications as perceived by users. The results showed the significant direct effects of UI design on the learnability of applications and the interaction between users and applications. In addition, the results of this study also showed the significant effect of the learnability of applications, as well as the significant impact of the interaction on the usability of the applications as perceived by users.
Introduction
Even though the smartphone applications bring versatility into our lives, they are still considered to be less usable than the PC. This is mainly due to limitations in the hardware, especially the small display of the smartphones compared to the PC. Furthermore, applications are growing along with the addition of more functions and information. Generally, complicated applications are more difficult to learn how to use and to interact with. Thus, these conditions and circumstances bring challenges for the applications in terms of the usable user interface (UI).
A usable UI is critical to any applications since users can see, hear, and feel the systems through UI [2, 8, 9] . Moran [5] stated that users use everything in UI to physically, perceptually, and conceptually interact with the systems. These views indicate that based upon the UI of applications, smartphone application users are able to not only learn the ways of using the applications but also to interact with the applications.
Therefore, if the UI of applications is well designed, then users can easily learn and interact with the applications, which in turn lead to the positive perception of the usability for the applications. In other words, if the UI of applications is designed simply and consistently, then it could make users to be better able to learn the usage of the applications as well as to interact with the applications. Consequently, users can perceive the usability of the applications [3, 6, 7, 10] . Meanwhile, the poorly designed UIs can confuse the users, which can cause the users to feel reluctant of using the applications. Without the users using the application, there is no perception of usability.
Metaphors refers the figurative speech or literary scheme, which can be represented by tools used to express concepts or ideas; this is easily found throughout the UIs of computers, information systems, or applications, with the examples as wastebaskets, binoculars, scissors, floppy diskettes, and carts [4, 11] . Using such metaphors liberate UI from using texts and words, which improves the utilization of the space [1] . The users can intuitively understand the implied functions from those metaphors. Accordingly, users can use and interact with the systems and applications more easily; thereby, they would perceive higher usability of the systems and applications.
Based on these views, it can be inferred that the UI design of smartphone applications has an impact on the usability of the applications, as perceived by users. A comprehensive IS literature review found that there are few empirical researches on the effect of UI design on the perceived usability of applications in the context of smartphone. Thus, the main research goals of this study are as follows: 1) to examine the effects of UI design on the learnability of smartphone applications and the interaction between users and applications, and 2) to find the effects of the learnability and the interaction on the usability of the applications as perceived by users. Based on the discussion and the literature review, hypotheses of this study are proposed as below, and the proposed research model is depicted in Figure 1 .
H1: The user interface design of smartphone applications positively affects the learnability of the applications as perceived by the smartphone users.
H2: The user interface design of smartphone applications positively affects the interaction between the smartphone users and the applications.
H3: The user interface design of smartphone applications positively affects the usability of the applications as perceived by the smartphone users.
H4: The learnability of smartphone applications positively affects the usability of the applications as perceived by the smartphone users.
H5: The interaction between smartphone users and smartphone applications positively affects the usability of the applications as perceived by the smartphone users.
Data Analysis and Results
Data was collected through a survey and a total of 258 college students and practitioners took part in the survey. The significance of relationships hypothesized was examined to analyze the structural model. The results showed that as expected, UI design positively influenced learnability (β = .762; p < 0.001) and interaction (β = .926; p < 0.001) respectively, which support H1 and H2. UI deisgn, however did not positively influence perceived usability (β = .205; p = .179), rejecting H3. Learnability positively affected perceived usability (β = .305; p = .013), supporting H4. Finally, interaction had a positive impact on perceived usability (β = .219, p = .004). Thus, Hypotheses 5 was also supported.
Discussion
According to a comprehensive IS literature review, there small amount of empirical evidence and understanding about the effect of UI design on the perceived usability of smartphone applications. This study contributes to the relevant academic fields including IS, UI design, and human-computer interaction, by empirically examining not only the relationship between UI design and the perceived usability of smartphone applications but also the mediating effects of the two variables, which includes the learnability of applications and the interaction between users and applications, on the perceived usability. After examining the relationship and the mediating effects of the variables, this study found the significant direct effects of UI design on the learnability of applications and the interaction between users and applications. These indicate that if UI design for smartphone applications is simple and consistent, then the applications are much easier for users to learn how to use them and also to interact with them. In addition, the results of this study also showed the significant effect of the learnability of applications, as well as the significant impact of the interaction on the usability of the applications as perceived by users. These results indicate that if applications are easy for users to learn and interact, then the user will have high perception of usability of those applications. Interestingly, however, there was no significant direct effect of UI design on the perceived usability of applications. This is on the contrary to our hypotheses. Such result indicates that UI design of applications influences the perceived usability of the applications only through the mediating variables. This finding eventually emphasizes the importance of the role of mediating variables in this context.
